The glycosylation patterns of the gp70 glycoproteins of xenotropic and dualtropic murine leukemia virus (MuLV) were compared with those of ecotropic viruses. Ecotropic viruses contain a large glycopeptide size class designated G, (molecular weight, -5100), and such glycopeptides were not detected in xenotropic viruses grown in mink cells nor in dual-tropic viruses grown in mouse or mink lung cells. Both xenotropic and dual-tropic MuLV had glycopeptide size classes designated G2, G3, and G4 (molecular weights, -2900, 2,200, and 1,500, respectively). G2 glycopeptides of xenotropic and dual-tropic MuLV were shown to be resistant to endo-,f-N-acetylglucosaminidase H, whereas G3 and G4 glycopeptides were susceptible. The relative abundance of glycopeptide G3 was increased in xenotropic and dual-tropic viruses as compared with ecotropic viruses, whereas the relative amount of G4 was decreased in xenotropic viruses. The similarity in the glycosylation patterns of a number of xenotropic and dual-tropic viruses suggests that glycosylation sites are highly conserved within the env gene products of each of these classes of viruses.
Murine leukemia viruses (MuLV) include a diverse group of inheritable viruses. The envelope (env) gene of each of these viruses codes for a glycosylated polyprotein with an approximate molecular weight of 80,000 designated Pr80env (14, 15, 33, 36) . After synthesis, the glycosylated precursor is cleaved to yield two proteins: a glycoprotein, molecular weight of -70,000 (gp7O), and a nonglycosylated protein, molecular weight of -15,000 (pl5E). Both gp7O and pl5E are exposed on the external surface of the plasma membrane of the infected cell or of the virion (14, 17) , with pl5E embedded partially within the lipid bilayer (41) .
The gp7O molecule is the major viral component involved in virus neutralization and interference (25, 37) . In addition, gp7O binds to host cell receptors (10) , thereby defining the viral host range. Because of the specificity of this interaction, the host range has been used to categorize MuLV into four different classes (1, 6, 20, 21, 30 ; P. V. O'Donnell, E. Stockert, Y. Obata, A. B. DeLeo, and L. J. Old, Cold Spring Harbor Symp. Quant. Biol., in press): (i) ecotropic viruses, which preferentially replicate in mouse cells; (ii) xenotropic viruses, which preferentially replicate in cells from species other than mouse; (iii) amphotropic viruses, which replicate equally well in cells from mice or other species, and are differentiable from ecotropic or xenotropic viruses by interference, neutralization, and biochemical properties (4, 18) ; and (iv) dual-tropic viruses, which have a host range similar to that of the amphotropic viruses but differ in their biological and biochemical characteristics. In particular, dual-tropic viruses have been isolated from inbred mouse strains from which both ecotropic and xenotropic viruses have been isolated, and are thought to be intragenic recombinants between ecotropic and xenotropic viruses (11-13, 16, 21, 35 ; O'Donnell et al., in press), whereas amphotropic viruses have been isolated from wild mice and their gp7O molecules can be distinguished biochemically from those or ecotropic or xenotropic viruses (4, 18) .
Previous studies in our laboratory (27) showed that treatment of gp7O of ecotropic Rauscher MuLV (R-MuLV) with pronase and neuraminidase yielded four different glycopeptide size classes designated G,, G2, G3 and G4, with molecular weights of approximately 5,100, 2,900, 2,200, and 1,500 respectively. G, and G2 were shown to be complex (type I) glycopeptides containing glucosamine, galactose, and fucose, whereas G3 and G4 were shown to be mannoserich (type II) glycopeptides which lacked galactose or fucose. Glycopeptides of the GI and G2 size classes were associated with R-MuLV grown in SC-1 or JLS-V9 mouse cells and with AKRLi MuLV grown in SC-1 cells. The G, glycopeptide has an unusually large size, and glycopep-tides of the same size were not acquired by Sindbis virions grown in uninfected or R-MuLVinfected JLS-V9 cells. Moreover, G1 was primarily associated with that portion of the gp70 molecule which was retained after proteolytic cleavage to yield a 52,000-dalton glycoprotein (28) . Thus, the acquisition of G1 may be dependent upon a certain amino acid sequence within the virus-coded polypeptide backbone of the gp7O molecule.
In (15) .
Purification oflabeled viral glycoproteins. Cell extracts were reacted with goat anti R-MuLV gp7O serum (a gift from R. Wilsnack, Huntington Research Center) as previously described (15) , and the immune complexes were recovered by incubation with Formalin-killed Staphylococcus aureus (29) . Immunoprecipitated proteins were solubilized and separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis on a 7.5% slab gel as described previously (15 (27, 28) .
Endo-H treatment of viral glycopeptides. Viral glycopeptides were treated with endo-,f-N-acetylglu- (Fig. 1A) , corresponding in size to G, and G2 of R-MuLV (27) .
In contrast, only a single peak was resolved from gp7O of 69X9 virus (Fig. 1C) . This glycopeptide was designated G2 based on its similarity in size to the G2 glycopeptides of ecotropic virus ( Fig.  1A; (Fig. 1B, D) . A major component corresponding to G2, described above (Fig. 1A, C were not detectably labeled with [3H]mannose, as previously observed for other ecotropic viruses (27) . The relative abundance of G3 and G4 glycopeptides of 69E5 was similar to that found with R-MuLV (27) , whereas the relative amounts of the 69X9 virus [3H]mannose-labeled glycopeptides appeared to be significantly different. The G4 peak of 69E5 virus contained 12 to 35% of the mannose-labeled glycopeptides, whereas the G4 peak of 69X9 virus contained only 1 to 5% of the mannose-labeled glycopeptides. The G2 peak contained 65 to 75% of the VOL. 34, 1980 [3H]mannose-labeled glycopeptides in both the ecotropic and xenotropic viruses.
To further characterize the mannose-labeled glycopeptides, we examined their sensitivity to endo-H, an enzyme which acts effectively on asparagine-linked oligosaccharides containing a core of more than three mannose residues (38) (Fig. 2) . In both patterns, glycopeptides G3 and G4were cleaved to lower-molecular-weight ohlgosaccharides that migrated between fractions 73 and 88. In several experiments, the endo-H cleavage product contained 10 to 30% of the mannose-labeled 69E5 virus glycopeptides and 10 to 20% of the 69X9 virus glycopeptides. Thus, the xenotropic 69X9 virus possesses an endo-Hresistant, complex glycopeptide G2, like RMuLV (28) and 69E5, but differs from ecotropic viruses in the absence of G, and in the relative abundance of G3 and G4 glycopeptides.
We also analyzed the [3H]glucosamine-labeled glycopeptides on Bio-Gel P6 of two additional xenotropic viruses, AT124 (Fig. 3A) , an example of a noninducible xenotropic virus, and S16CL10(1) (Fig. 3B) , an example of an inducible xenotropic virus. G, was not associated with gp70 of either of these xenotropic virus isolates, since G, glycopeptides would be present in the void volume under these conditions (27 glycoproteins were isolated, and the glycopeptides were analyzed on Bio-Gel P6 (Fig. 4) . The predominant [3H]glucosamine-labeled glycopeptide size class in both elution profiles had a molecular weight of approximately 2,900 and was designated G2. It is clear that a glycopeptide peak of the same size class as G1 (molecular weight, 5,100) was not resolved regardless of the host cell in which the virus was replicating (cf. Fig. 1A) (Fig. 5B, D) . In both cases G3 and G4 were cleaved by endo-H, confirming the identity of G3 and G4 of MCF 247 virus as mannose-rich (type II) glycopeptides. Whereas 10 to 30% of the mannose-labeled glycopeptides were cleaved by endo-H for 69X9 and 69E5 virus, 35 to 40% of the mannose-labeled MCF 247 glycopeptides were cleaved. Thus, there appears to be an increased amount of mannose-rich glycopeptides associated with MCF 247 gp7O, which may reflect the origin of this virus.
To determine whether the glycopeptide profiles of the MCF 247 virus gp7O are characteristic of other viruses of the dual-tropic host range class, two additional dual-tropic viruses (SC37 and 2169-4) were analyzed. Unlike MCF 247, which grew equally well in mouse and mink cells, SC37 virus exhibited somewhat greater tropism for mouse cells and 2169-4 virus exhibited greater tropism for mink cells (Table 2) . Thus, SC37 and 2169-4 represent ecotropic and xenotropic extremes, respectively, in the range of dual tropism observed to date. Antigenically, SC37 and 2169-4 are distinct from ecotropic and xenotropic MuLV (O'Donnell et al., in press). Unlike most dual-tropic MuLV, neither of these (Fig. 6A ) and 2169-4 virus (Fig.  6B) on Bio-Gel P6 were indistinguishable from that of MCF 247 virus grown in mouse or mink cells. These results suggest that neither the relative ecotropic-xenotropic host range of a dualtropic virus nor the ability to induce MCF correlates with the glycopeptide pattern of gp70. DISCUSSION We previously reported (27) that two ecotropic viruses, R-MuLV and AKR-L1, possess four different glycopeptide size classes, with molecular weights of approximately 5,100, 2,900, 2,200, and 1,500, respectively. The size of the GI glycopeptide (5,100) was unusually large when compared with the glycopeptides of other enveloped viruses, and it was suggested that glycopeptides of this size may be characteristic of MuLV. We have now extended these studies to (5, 27, 28) , it appears that the carboxyl end of the gp7O molecule is exposed on the surface of the virion and that this region is highly glycosylated. The present finding that G4 glycopeptides are very abundant in ecotropic viruses as well as in MCF 247 suggests that at least a highly glycosylated portion, which may be near the carboxyl terminus of MCF 247 gp7O, may be derived from an ecotropic env gene.
The similarity of the glycosylation pattern of gp7O from viruses within a given host range class of MuLV, i.e., within the ecotropic or xenotropic virus class, suggests that the glycosylation pattern is determined by properties of the polypeptide backbone, and that glycosylation sites are conserved within each host range class. Furthermore, our analysis of the glycopeptides of gp7O of MCF 247 virus replicating in mouse or mink cells shows that for dual-tropic viruses, a similar glycosylation pattern is acquired when the same virus is grown in cells of different species origin, as would be expected if the polypeptide backbone were the primary determinant of glycosylation. It should be noted, however, that the present comparisons are based on observations limited to the size and endo-H susceptibility of pronase-derived glycopeptides, and further compositional and structural data will be needed to definitively establish whether the glycopeptide classes designated G2, G3, and G4 for the various viruses in fact contain similar oligosaccharide structures. In addition, since dual-tropic viruses arise by recombination, it is likely that other isolates may exhibit some variation in their glycosylation sites, and further studies are being carried out to explore this possibility.
